Structural features of the binding site of cholera toxin inferred from fluorescence measurements.
The dependence on pH of the fluorescence of cholera toxin and its A and B subunits has been studied at 25 degrees C. The fluorescence intensity of cholera toxin is highly pH-dependent. In the pH range 7-9.5 it reaches a maximum corresponding to a quantum yield of 0.076. In the pH range 4-7 a strong increase in fluorescence intensity is observed (delta Q/Qmax = 0.64). Evaluation of the pH sensitivity of the fluorescence intensity of the A and B subunits reveals that the B subunit is mainly responsible for the observed pH effect (delta Q/Qmax for B subunit = 0.64). The intensity changes are paralleled by similar although less pronounced changes in the average fluorescence excited state life-time tau (delta tau/tau max = 0.33 for cholera toxin). Fluorimetric titration of the B subunit, which is related to the indole fluorescence of the lone Trp-88, reveals that the fluorescence intensity changes in the pH range 4-7 are due to reaction of two types of ionizable quencher displaying apparent pKa values of 4.4 and 6.2, respectively. It is suggested that the increase in fluorescence intensity with a midpoint at pH 6.2 is the result of deionization of the imidazolium side-chain of one or two out of the four histidine residues present in each beta-polypeptide chain, whereas a deionized carboxyl group is responsible for the quenching with midpoint at pH 4.4. Complex formation of cholera toxin or B subunit with the monosialoganglioside GM1 or the oligosaccharide moiety of GM1 (oligo-GM1) completely prevents the quenching by both quenchers. Addition of 6 M urea also eliminates the pH effect. The quenching is not the result of the dissociation of the B subunit into its constituent monomers. Upon fluorimetric titration of cholera toxin or B subunit above pH 9, a progressive drop in both fluorescence intensity and tau occurs. This decrease could be due to energy transfer from the indole moiety of Trp-88 to ionized tyrosines or by quenching through an unprotonated epsilon-amino group of lysine. Fluorimetric titration of the A subunit indicates that the tryptophan fluorescence is only moderately altered by ionizable groups displaying a pKa in the range 4 to 9. Activation of A subunit does not affect this lack of pH sensitivity. Above pH 9, however, a much more significant drop in the fluorescence intensity of activated A subunit occurs. The structural implications of the results are discussed.